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(54) Title: MAGNET SYSTEM 
(54)Bezeichnung: MAGNETSYSTEM 
(57) Abstract 

A magnet system to generate a static, uniform magnetic field in the ex- 
amination chamber of a nuclear spin tomograph has a pair of outer field coils 
(la, lb) arranged on a common axis (a) at a mutual axial distance (gl) and a 
pair of inner field coils (2a, 2b) coaxial with the outer ones which are also equal 
to each other, in which both pairs of coils are arranged symmetrically to a cen- 
tral plane (E) perpendicular to the common axis (a). The axial distance (gl) be- 
tween the outer field coils (la and lb) is 40 to 60 % of their inside diameter 
(da2). The axial distance (g2) between the inner field coils (2a and 2b) is, with a 
maximum deviation of 15 %, equal to that (gl) between the outer coils (la and 
lb). The magnet system forms an almost eight-order coil system and there is at 

least one transverse access aperture running across the direction of the uniform magnetic field and between the inner field coils 
(2a, 2b). The magnet system is small by comparison with the examination chamber and relatively light 

(57) Zusammenfassung 

Ein Magnetsystem zum Erzeugen eines statischen, homogenen Magnetfeldes im Untersuchungsvolumen eines Kernspinto- 
mographen hat ein Paar gleicher fiusserer Feldspulen (la, lb), die auf einer gemeinsamen Achse (a) mit einem axialen Abstand 
(gl) zueinander angeordnet sind, sowie ein Paar innerer, mit den ausseren Feldspulen koaxialer Feldspulen (2a, 2b), die ebenfalls 
untereinander gleich sind, wobei beide Spulenpaare symmetrisch zu einer zentralen, zur gemeinsamen Achse (a) senkrecht verlau- 
fenden Mittelebene (E) angeordnet sind. Der axiale Abstand (gl) der ausseren Feldspulen (la und lb) betragt 40 % bis 60 % des 
Innendurchmessers (da2) der ausseren Feldspulen (la und lb). Der axiale Abstand (g2) der inneren Feldspulen (2a und 2b) ist 
mit einer Abweichung von maximal 15 % gleich dem axialen Abstand (gl) der ausseren Feldspulen (la und lb). Das Magnetsy- 
stem bildet ein Spulensystem quasi achter Ordnung, und mindestens eine transversale ZugangsOffnung, die sich quer zur Rich- 
tung des homogenen Magnetfeldes erstreckt und zwischen den inneren Feldspulen (2a, 2b) veriauft, ist vorgesehen. Das Magnet- 
system hat in Relation zur Grosse des Untersucfaungsvolumens vergleichsweise geringe Abmessungen und ein verhaitnismassig 
geringes Gewicht 



Q 



® a * w&nff (jp) 



dp # th U 2: 2k 

^4-504067 



<®&Wz ¥#4^(1992) 7 J123B 
»3Ue^ fr*fi£S#^ * £ ft * *Sf# 

^f»*SE»* *r sen(E^) i (2) 

7831-4C A 61 B 5/05 3 3 1 

7621-2J G 01 R 33/22 N3S 

(£ 8 K) 



®Int CI. 9 

A 61 B 5/055 



@m HE A 



A 

s 



H ¥2-504108 

EI ¥ 2(1990) 3 J? 8 B 



®aK^t«mB ¥3 (1991) 9^118 

@03 m tH SI PCT/DE90/00171 

®EP&£0&## WO90/10877 

©SRS^MB ¥2(1990)9fl20B 

®1989¥ 3,8118®^ ?(DE)@P3907927.9 

^^^-^ • F4?a£&tfDB« 5* 7512 4, i>^-<jv 

i/a.Yy<< 8 

^-^w-Tt'Jf-fVJ/ K4yjEffiJM&B* 7512 ^ ^7* V T > 4* S^i"<;i* 

h • $ h • ^S/aW^ 
#«± ff* 5fe «F tt3£ 

AT(I«**MW, B E (t6tt*MW, C H(mmZft), DE (ffitttt HO. D KClHHtlt). E S (IZUMW). F R 
(KKfl*lt),GB <££«»»), I T(ffiMH». J P. LU(l£*4**),NL(]Ettt!WPffr), S E(£**W),U 
S 



**K«ut< 



I . 9 £ '/ 1/ fc I IMC H - 
1 b) *< A 3 © « ft (a 

( g , ) 6 * t> ? R l* * 

» a 3 -r * * m M ic » i* 
« « (a) i:St ItSfit 
C E ) IS *f 1/ T ft f* K E 

«©atn:&fflj*<*«©# 
© *« © « n# m t £ iaj 

*4>*<fci>-o©tHA 
e > »r j* {ft £ » K © ftf 

r'jt"( la. i b ) © * tf 
\ * » = -r a < i a . ib 

6 0 H T J& !> , ft «l © # 

m 2> m n m < g , ) * * 

tt a *r /U ( 1 a , lb) 

D * *j - • « ffi « © (3) 
(0*B3U'(2 a, 2 




2 . 
B 
15 

S . 

1 



7 , 



tt ^ A © 

» © # ftl 
B UK 1 91 
BZ * * St 
b , 2 a 
ir * 
K ^ a 
B tf * « 
— © 

i? e n * 

« K *t L 

B B ( I 

o T ft * 

fc i* * 2 

ft i' - A 
4>6HM 

B * * * 

Bar m © 
t r * , 
ft j/ - * 

b t* © a 

» ^ - ^ 



i:Etfti«KUttSl:t4, B * © 
Ctt©B^BB. 

U*F«3r*fca6IC, *B = -f * * (l a 

; 2b) *fl;fri&uj!,T>f,r<fcfett3- 
6t0ifr»^-A ft i/ 

/Hfi ( 1 a , lb, 2a, 2 b ) 

©#»#*«** d ©nfitt*4>* < fc 

$ X * £ *T L , * <fr B ** (a) 1= U T 

L fc « 0 * * © « # 1*1 © ft £ « t , f>^> 

0) ©B^[9l©tfiAn©»c6t-«. 'tiktz 
*ci:*^«tr*, B*©iafflBl« 
3 E tt © SB ? & tt • 

K 3 Y iV $ ( 1 a , lb. 2a. 2 b 
(a) i:^Lr¥fti:Ky5»tt©aR 
, C©jdEBB*©B^r(B3CB£0^nM 

W X. © B B B 3 9ICB©B7BB. 

b' & 4> < aifflORttiKKSXtf 

• 

Kfff ^^iXftil (a) ICMUTtft^fl 
« J* 5 BCttOB^BB. 



8. fti/-*K*Bbfc«8r*ft*.TH 

*rs. w^o«fflW3^*>^» 8 * * t © r n 

&&**»©©««***<*««#*<•*.*:&£& 
xtf>»rB»IS©fcafi>©!»#©$5H* 1 8 

ib <v) Kwatzm^^mxao. a » s ^ # 
10. ttisn cv) i*i © m m # a # ©.* © m * * tz a 

l/TIftKrtHT^*;tt#|tt4, Iff * © « 

lt?ffi:*HTi»«c<:t«itt4, I* * © ft 
12. a*o*«»i:#i>r*^i8ii:g^5^<c< 

ifc , t©3 = A ^ * - </ » y <d tz#> 

i:«isr«tfci :t«W»tt«, » # © B B * 

a ft. 

IS. B?«| (I 0) »CJ:r»T$6£l,fcB»a<*¥K 



i*v>-en*zi:*»»*-r**ur*©«»jri 0^ 

14. ft^i2 0ppm(DB«ilSttt«^~«B^, 

W«0 a ^» ( 2 a , 2b) *fctt*.«©3W/U 

»*©ttffl* 1****1 3 * * r © 

is. * - is b * w e *r s? © ^ *t < t t> 5 o 96 © ft a * 
z z t *nm t-r z . ft * © n m % i 
© k^k a. 



b «ss * 

58 35 ft ft 

* 35 9! (i , »#©IBffi*l8©wa«A*cEftU/; 
ffiO»ttttf tt^ev«Jf««l6«©»S3gI8I 

*.© « n * j; c5 9 * & & •* 
*nxttfci»u<eftdtiTL'« 

"Medi cini sche Physik '83" Huettg mm. Hsg.J. 
Schueti ) . £ * t* A ffi A © - i # 81 5 ft ft T « * . 

* . ft © B * <* -« ©tt#*tC**UT«l«T**C 

r s w t s » k B ft * jt ft * * n * r s a -c * * ■ z 

m to z t T *> * . 

1 9 7 0*ft©*t&©K«»f$£ft©Rr»£*. £ 

«s * n * . a«v B:6*ttif©jt$»cUTfc*©B#* 
ftffKBfe-r^t^jft-cjinc*. & iz % = o © s * * 



tt©*«^*<«BKtt* # * if 6 ^ * & b « 0? < 
©*f*ir-ov>T».*-5 fc*6»*©5*a©**frftr 

5»«©^B»ir. **©-r-<T©fife*ttasCli. 

4>:a<r*l*nftttOrtft«Bjftb?t'* ( ft & K -r 
^B*#*lB»*mB*S l 2 3 4 9 3 * , R * 3 2 
4 5 9 4 5. 9*) o C©=»-f^l*ft«©«#*6tt 

K*vB*#JftB1tH s tflBftS 2 4 5 9 4 4. 0 , 
9-D^*»ttiH*0 0 ! I 385^, « JP 0 0 3 
3 7 0 3 4? * * r± Nachr. Chea. Tech. Lab. 28(198 
0 *) »12^. 9 861 ^ 865 K ) . * 7" /U ^ /W A * ;P 

*y«iid©Hflct^£niuftad9(c{tB^^&©mAo 

«, B»©ttftta#©<«ft^-Sfet, HiA^*<*^ 

. b ar * tTiv*nti»*, rif'oictfcft^ 

-^K*fctt^5-f*x^» h «ff ^^B7<d«^i: 
a. cn^^^r^r*«, A©±*ifr»r©fc©©tt« 

ft^«ft©*^JC(i. & K©&&*<2m#±r. a * 
^fflAPOEia^afflift 1 m T *> * B UlU.t, 
ttft*ftt«-C ilttfi< tJfctt(9i:K^ 

flf o t C l* 4 , ; Mi H Bf S (t fi t ft 0 » « . JE . 
B*CJ:«A*©«BCyi:ltBSntt«B©^JR©aB 



-2 — 



B**tBa*34 1 88 1 2 . 6 * > . C C T . * 

5(K-f-yS**ftH»l*fll»*36l 6078. 4 

* ) KkiiTI***, R©3-2*«*.feC©»ffitf 
© * * K li * M«VA9Aiyb;^Fie|*JI9 
t*ffli:Aflfktt«. to tt . *: ft ft * t , « cd * 

****** «*.fct::ftisictt«i, ( • ? 4 zr- 
o ft * fl) i 5 C ) , tt->TRfl3^^ttt« tt^f 

* * O-ny/^MfjB^iiJipj 6 o 3 g o4f> g, 

4 o 2 2 s*) frfffl^nr^*. 4* * r & « 

»C*Sl8nTti6f , XI9<-l*NMR»TJi?ilt2&8l 

* c -e , * » h © * h i± % ^^ici«i-ttB»*&ii 

ttic /h 3 ft (ft 3? ft fc^«^i6i©tfifeT*oittttei::/h 
3*£*X*"e*3HTifi-cfee>* *<©***2fi3j* 
ft**ftMe»ar«cfcev«fsb. x « * i* « 



#3t¥4-504067 (3) 
c © K K II * » W K v> , 0T * <z> *G B « i a © t» * 

e*-9Tff*an« # c © * . -en-enisi-©^ 

CJlHOa^^^ttlt&ntv^^. W = -< ^ tt * * *c 

f«ib¥affrtc**o r *> * , 3^^otftid<D« 

C © * * . ^tto^^;K4//. 
^ /I' 7 <t it (Garrett. J. Appl. Pbyi. 38,1967 , ft 
6 ^. H 2583H, *f J: J.APP!. Phrs. 22. 1851. * 9 * . 
* 108 IX) *<&U*fr**fc^&**:*fB] 
HH***<««prtBT** # i m: Jt , t , « # I* 

ot-^-oa-f T tz to * ^ £ M £ 

« "C © 7flC*t?O»»c0-r'^T©i»lB*<«f»^-C?»*'r 

5 * » * * r . 



h U « t li <t is = -f ^ « © n W ;u li #1 * IX , 8 © 

t * -c * * « «nRjt*x« is - a ib) © j& * i* sr © 
i:ttUTSjgt4, - © * ^ , **a*©aeieffc£ 

tf S l * n tf $ tt © t , i o i i t 8 i: t U 
— 3»IHJf*J-CI*, <H *. I* 2 0 p pm©t*n*ffr* 

#~£ra©«ra#, f n©»fii«;ff<5ftri: < 05 *. ix 

■ 2 0ppm«ltT«O . CT 3 raj ic, f « S ± 2 

*»"3H::i?rKrS, l20*-S-0*t*llfIicilF 

■ -T « • tt « « , I 2©t-^-OJSA<ra^(:80 

m«©»a^*©*^tc % s»tsj#©*«[i;»^5t> 

f»£tt***©»fc©5*£li, ffffl©8©^-~^ 
- © S ( 7 W / < K tft > © » £ tt £f Hf < (* ft t,, w 

8&*tt7©«*i=|*. «Fir»*^^HFJB K * 

t * r 4 t s i: , tgf is - at a< isi 

* K©P?83(Cfc£, 9 9 4 * X 9 y Mi a *ft 4* ft a 

t«*«aiBi:ssiPtt< i:fc-o©aa/xxar^ 



a-ratr*;:**-*?**. « c n m *i * * is j* , «* # 
isji:^ffi^ifii©aafLj&<i7 5-f*^^y h^jtaut 

v> s ♦ :<0«aaii'P*TXXLt^4, 4» tx ?l * s 
wun-itficfc^rt* c * # - o % * a p* - o ) . 

no©??**-*** h»©«ffl«-p^»r**^T4, 
$& # a *©«xa#*tt*jcattifc»si»<z}fS8«* 
m s-t z tz*> tc h P3 , xar*3 

fijnoi*^i4^«© = -r/Kt©*n'en/j>d/x»i35rifti 
*. tirc©«i — tas«»wK©^ft©^^< tt> 

*»W©tt©»ttif X Hi:id< , 0 * 

Ln*M«©&T©KgjA*fc«J!£7Mcfc* # 

» 1 BliBAfc©** * # tt«*^t'^a^Ifil¥K 

0 T * * . 

»2 a0li«|>^>*^f8H*<3fcVtcfiCf*, SI l a© 



K2bBlt)H28B(D;^*x^, h © & £ ft * 
if»4>»FHH-»-9T» 1 B © 7 5 -f * ;* * y h * « Br L 

* B r * * . 

«fc*t*©a:5»dfc©fc*©*s-r*"**T h © » a 
0 -c *> « . 

KllBi:?L^*K B Jii:J:i{S?ttK I o li . it * 

tt t, «: * a # a * « © # it * * t> % * a =? 4 a, i a , 

a * A 2 a . 2b£**/CTl»*. -n£©fc«Ui:# 

a©*-fria*aiz»-*TWi*Kflzat$n, * r> * <> « 

4<#ttKB|6ht^*. ^flofti I a, lbfcrt 
fl © m * Z a . 2btt£ft*3^*pUfc»<*K#ftfc 
sntf*. :o*#»zoox»'J>/si, 3 b 

EO*«KRlH*lft*Hlirt««il I a, 2a* 
fclilb, zb*X»Ltv^ 0 JocoXWJ 
> $r 3 a , 8 btt*nf*i- -3©U*J&»*t4a. 4 
b€JR;l?:i*«« c©u*»tt*Mi«iHTttfl.#^ 



#$¥4-504067 (4) 

#faa>rtfc«Bi:*«;frfiJ©#S C d - d ..) / 2 
i: J: •» t , * ft 5 a t fc li 5 bOfi^^<©(f^BB W 

in b«ittii<t««ffit«i:tt»&«nt^«, c 
© * * * * « © « tt 1 afcfcttl b.o^«4«d ,,KJ: 

© U * 85 # 6 a b tliLt^i, £ © U * 

< * *l t ^ * . COUf^ffi^OM^lSlonSff 

* « # to © « s C d ii - d n) / i c A •> t Pl Ki: , 
« ft fc 7 a t ti it 7 b ©**#©««?»»#***. 
COSftKCttftflOJlttsW/l^ a ^U2 b © « 

«©*l*2a*fctt2b©H.«*<d.,KJ:.,T^ F»? & 

> 7 3 a , 8 b li « L < tt , ft* Ottt 1 a, 2a 

**iiib. 2 b tn*t«/h»o»i»nft>»>j 

V ^ 3 a , , 3 a i * I* 3 b , . 3b. I: ^ t j& 

*»«i#«(->fc»t, as > ^ « -e n 
<en-r>©si»u > s a*fci*3bK***>fcn, 

# v r s a . i b l^ttftf sirAft i kji^tiv* 
i:0S«l$sn4. >^3 a. 3b 



H*©«F*Ui* ***«©%* Kli* ft ft 3 U : (D 
Jt4tt4*©ft^# > i*jft«#/,'?bt«, c © ft a* # f&j 

w ^ ii , ^«30ffiofafi:#i / tim:ffiy, aa h 

I o©**tt*a**Cft^**'Fm{r*fl,T*ftt; 

k e ft * n r ^ * . * © « , T&Tt? 

ftKflDffi*fet>tW»it» a © JS >) K * ft T E 

at-rac «5««©a*^®-c««i 

la. t b * 2 a , 2bKf*jflT*l*;*|5j©:frA<*8 
tt*o-C*ttih***i*. Bt^tt 1 1 0 © * * , # « 

© « * 1 a , lb©tft2rffl©Mlffffi(*ftfll©jFSE=i 

-fAl a * I* L b © f*i « d . • © 4 o * t e 0 * © « 

© # * n»f iia^ Aowad .t©<*<**#T**. 
« * i a , !b©«wa0©«f<>j«(ii^iajrcg l + 

B) / 2 , * S ;& ffl T C d . , + d . . ) / 2 > Ii , z © 
*«tt©<N*A** o It # K - JI 

« i O a A tt 2 a , 2 b tt^Oiftt. t 4 b 
«dMt««d,,i:«LT, JHJC30Jtl a, I 
b J; 0 /h * < tt , t ^ 4 . c © £ , *©*»## 

ii^«3©3>r^tt©«j»«atracT*«. ^ctt* 

^ K ti , tt«J:^lcafRr«5i4:***Cft 

* « © * * 2 a , 2b©*;frfl|fll«g l f* ft * I 6 
«Ofl«TUT^«©ftti a, I b © * 2f HJ « 



ff . 4: «? U < , 0*©»Mtt*««TMi*«©#*l 
a. lb©tt2rftJl»«*i «k 9 b 4> L ft! /J% £ < tt 
tl*4. «^T, PT«H2 a, 2b©«©*a?5rG]rt» 

B5«I I ®«Rti:««2 a, 2b©*»©*ttz 
«n**«©:**aj*< % fl.«©*tia. i b * « n * * 
« t s *t ar a -c * $ © r , w «n *r i a . ib. 2a. 

C 04^, ftHi a , 1 b t 2 a . 2b© « * « A< 
PlbtaifcfULT, KflAlll 1, l b © « * 
tt(trt«©ftl*2a, 2b©«*ac#l,T:*<j4/i 
© ifc T * „ :«ittti 2 0 NfitHio ttKft-L 

W*«# I a, 1 b i 2 a . 2b€ffin«<SKffiK 

^©.»«tta*ii* 1 ac«^-c«ir$iRjgi:i 
ifo u/iarsz©»jts«iv©»(»T*^i=jaj»<fcdn 
r t> $ o c © ft g z ii u rr 4 0 <b -e 6 s c a © « « 

ti 2 0 p p m ) • 

«e*tt©»*=w***-r*msatt 1 ©»* l 

v»*»#Ttt, ^«IO«ttttl a. 1 b o «ft * A M RE 
g, 9 OB-?, #fta©«*^rai«B^2 0 0 m r 

*> % o m ft ft 5 a , 5 b O^fiOfflO, 1 0 

©•*^(3l^&til ! 9 Oaa-Cft*. ^«©«#S5a. 
5 b <5(*J8 d I 8 I 2aa?fc0* H « © « * 1 a. 



1 b ©nffi d ..ti I 8 0 2 a T 4 o « © * * * 5 
a, 5bA(0«I«lC(iS 6. 8 0 6 J* / erf T ft * „ 

* © « tt ** 2 a . 2b<D**«*<De&S7a. 
7bON^A<t)«IRgi (i 7 6 7 . 6nt»«, CO 
*** : o ft S S 7 a . 7 bOtt^iSKDHbltfli^ 
n 5 4 . 5«T!&*.««2a. Z b © rt S d , , It I 

2 2 OhOI €71, nfllOttl 2 t, 2 b © * £ d 
. i (1 i 8 7 8n<z>tt£?ri~6« F*? « © # J* 2 a. 2 b 
OlttffK!i^«««tt I «. lb©»«*«tE*t 

^#rwb-c*o>t«oT-3 6. 8 © * * w r * . 

rt«<on^vU3tt2a. 2b©*#*7a, 7 b © 55 ffi 
it A<mE©^^1*Ai:ii> ttffli?tB46 Cm©* 

n ft z u $ « 
m « © »t * *< 1 s r a o * i i: a , m * « a i o © 

» * r j& * • c © m M a * as w *c s n « a « a e « 
-c *» * „ «u«fc$*af&*>«£>, ««»«*«*»t)tu 

fc » * K I* , B«©»©ttffi£«*«©«*>7<*<SV*. 

5 * * * * M* * l BK*^HT**:»ii*«t9JL 
fcj: 0€**t^4. Itt I a, lb 



re«¥4-504067 (5) 

t 2 a . 2 b*««£«ttfli:ar4J:^:, B S R 1 

© * * , ?Mt^^ M ttfil*il*H^Lth 
ttt' JSC W V — A- K 

*Jt€P»*lirtt** + *©ffiHtt«W* 
« aft *C H L T , ^*D©fc©-C**t^«r«S©-C. £ 

T^Uf:. *5-f***vh9<D*««rtflt*«Hji*l, 

r i& « . 

h 9«*© + ^tttta©^ffjKiJta 
IB « « 1 o o « * *r T * . ? 5 -r * x * * h * * 

©tt2©*ffl«f*«ix2 0 0 a *C *> * . 

7?**-***h9©*ttl ! © R © « Off 1 3. 

1 4<OHtffl'>/i^5'<tX^? h © £ « L • © A & 
W fit I* 1 5 0 at* « , 

??-f:*-***h9©ttfti itt>fft©fft?rriiNrn 
l 2 »c to * t , *^fa»irjta-r*HP 1 5 * # *. x: v» 

6. C©Wai5©«PH>tttta« It ? 5 -< t X ^ 7 h 
9 * fc li B E « « 1 0©*<>**tt»ai:ffft«Z2fcX 

*<&**«*ai;:*tu-c¥tfi;: 

# W tt 6 Oa«lr(/, *hi:»LTifii:jW«t 

* * , p?as*s*<**©fi*:frfflWPi 2 © pj « d c 

* 2 a E t I 2 bS0HH«l04^i:u; 9 << * X 



iSMn i 2, 1 5 Ot9^4>ft^Ha a , a i u «t T 
**h«TBI***TK8Cfti»*. ft * I* N □ 1 5(1 
» «k « a . a.c£-»-C»*ti4*HeOILT*t*i:* 
**tf*9*f:«-;*;*y h 9©*^fSj^4>¥n5ECHL 

» «r * a <* * A # * . tt#raiKi£c;.5**«p i 2 e % 

* • t*Hai:An5*ii:i:s BESt 1 0 i: J; ■> 
T » ± L *»*»*©#©«<■» *t L T ¥ ft c » 
< . «^i^Mai:An*##»: li, *«*<&*©tttt 
JtrcftfUT«2rftfzft<. If * » K 
*»?©*:© icWm-Bltg nr. a**j-flE©i*^£Jffl©f* 

# I* © ft * <* 4 OcaTfc*. 
_L«*<WlttL*:*;friaj0fiPl 6tt«2«Bi:8l«T 

««-C, *2 bBi:*J^T**T^lt*«, Z O M 

a © M # to © ft.fe tt w«, *¥*<*:6rftWP i s © rt 
& « i: - a L , *l/tBffiof ii:«ltSIi:» ■> 
fcfctftamfcfctitt^iajjrap l 2©««k-8:Lt 

It tt © ft a « Q 1 2 , 1 6 © * h> tt « a . a , © £ 

h 9<D«l»ft»ttTtt, -fc«*«s>©***©lB*filH 
□ 1 2 tz M Q U , c©W"#rtjMO*!Ktt6*c»J:$K 



TJBJ3*riB-Cfc*o * *i i: J: •» t , ^^w^x^vh 
9 t «e © # as 1 i «T*4/ii^«i)i«4tr5: t 

rt<T*3. * ft # I* © M P 1 6(**©T«jH*?<<*- 

* * * K 9 © -& 1 7CJ:^T««*nT^4, 

ft © W P I 8li7K¥^Tf3l©RlPl 2 4 fc li 1 5©ftto 

ia»*<a*©»©iaiti«ir*turattictsi < c t * 

fee:??-*'**** h 9©«^rftMP l 5^«fflT<5 
«ffi3-</U«>t«a«3-f/V €•*#©(*: it Z X Z k * 

c « T * 4 o « « « 6 , c©Eff»ia©*^ir, a 

T»fef6»»a*©^rat:#L,TSB[^WC»l!r»C 

ff3a(S9£r)ft3bBi::**Lfe, ^ J5«? i: J: 425 8 
S! 0 * * tt + 4#-NMR - Bfm^Ofc*©? 5 
-f * * * y * 9 ' ©ft&©«5tt«:*KW^, ^7-<**X 

aa^fiBKU^c;. «kXS£fWrt©B*^C©«f^lfttt 

C n U T IF If K iai T ^ 4 /A « It *< , »2aat»2 

» 3 aS^fffS bS©*tt<H©*£Kli, ft tt » fll 

iri£cf-5i*^iai©«p i 2' triD>?.T, jta-r&«^ 

fl©--3©MP15', 1 fi' €Klf« : UJ:0, 



ft 3E £ 


S3 ^ 


(DftSttrnx^asdni. c © r o 


(9Rn 


© * 




* ft iC 


J: o 




fc ft ft 


3 ns 


V «4 . .fc«***J:tf«#i2a©MQ**l, 


r <b -n 


& 


T7*A*r*6Tfc*. «#[*«□©#«© 




IB m 




1 2 ' 


14 9 


5-f****h*fti i c&»i:*5fcoT 




jr a 




T 01 


*< EE 


fil 7 ' i:J:->rHtt$nT^«« :oB 


£ 14 E 


* tc 




r * . 


ft 3 




ft r 9 




HQ1 2' * , ft * [41 H D I 5' ft * Cf i 


tz 14 l 


6 ' 




fc # T 


# * 




K , * 






9 ' , 


. 9 


' , * tt * . C©R«^5-<^^^yh 




-r ** 


X * * h 9' ©<fe»T4**©£*fct4fttt 


o mm 


1 8 




nn« 


9 7 


^x^jM' . , 9 ' , <4 tt ft BE « ft 


i* — 


•o © 


^-*r-*j&j£*r*« - nmtz & 


ITU 


tt t> 


mx.$ntz&<Dmm&viat. <& m m * t 


* «r * 




'< *4 , *«©»ttjj*^^UTS^«c9ia 


U x v> 




ft tt © ft ft 1 8 t^ltW«»3-f A« 1 


a 1 

8 t 1 


D C 


Z a » A O £L * t ■- IEU >fc Sc #9 w it t v 9 o 


* 3 a 


E9 t 


*3 bai:«^^-Ctti!Bbfc«j4li. & ft 


tt M □ 


1 2 


' orttt<ii<*?*Ha is', i e ' © 


f§| « d 


m « 




55 ft © 


** * 




V u 


y -r* 


Ktt©ife#SrftftI*©fc©©!SW*ftTSI 


$ n t 


n 6 


ft«fta-f*ft*fctt«ftfttt. ft ;* fa © 


a a n 


CO ft 


m T & tt < fc 8 Oa>©IBIflJ*<#J55£ft 


* J: -5 


1= £ 


itr*o cn«Brt8T** 0 « « nr e « » 


iE =» -r 


;u £ 




•cu 






r o 


t SSI 




s m * 


tz J4 


- ttfttcWRanfctttfrajtbA 


□ <o a 






tt T 






B # 


ft tt 




(/ t 


a ft 


tt £H A Q tt , »*i;eOaJa-^-i/BV 


* 14 


tt ft 


<0 © IC % *4VMtft3©fS«SI<l. ft ft a 


ft J: 


I* 




* ft 


(- 


JroT. ft3E2£W^©y**X*»#r* 




ft J: 


tf4*<H«i:NMRRIIIII«««Ii:« 


ffl r * 


fc* i:> ft ft tt !Ttttt*<*'« . JSC, * ft ft K 


«k -o T 


» ft 






* ft 6 ii It „ *-tt*-ftft©*fc»i::, fdi © 




tKl^Ct^Ti*, '^^Cjiot, * ^ * 


- ^ - 


©a-</US£f**.:4:*<T**o 



4-504067 (6) 





& 3S 


6 


J: 0 






6 


(T . ft" ft -C 




* 


• 








c n 




P5 ft tZ 


. ft 13 


L 


T 


Et bft, 


ft 


2 


a IB 


t ft 


2 


b 


GS © 




3 4* 


* 9 v 




(4 


" -3 © ffi ft 


tt 


H 


ft 2 




* 


X 




h 


9 i . 


9 . * 








J: 




0 c 


© PJ 


m 


9 




* 


X 9 » 


hltft 




et 


ft ft C ft ft 








tt 8 


ft 




1 8 




^ u r 


> ft a 


a 


ft 


» tt * i » 






J& ft 


■f * 


i: 




s t< 




a ft s 


ft T V> 


4 


« 


tt o T , l> 






6 tt 


& a 


tt 




, r 


tt 


^ ft 




•> 




t tt ft ft 


© 




& tz 




ft 








tr i 9 


* (4 


2 


0 


* L *: « 




It 


& « 


It T 


*t 


I* 


• 

» © 




* u v> 


ft » 


T 


44 


s e sc © r 


t) 


ft 


© 


A: © 




B 






1 0 * 


(2 « B 


ft 


tt 


« 0 H O 


ft 




- * 


K *< 


R 




£ ft 


T 




ft 4Kb 


r 




^ K> i: B ^ 




T 


tt 


t% w 


© 


ft 


5/ - 




K © » 


« 14, 








h 




« l 


1 © 




S 


* M 




« © ^ 


ft fc > 




ft 


© ft tt ft S 


1 


I 




1 1 












a - © 


ft 




. ft # A ^ 


& 


© 


T 7 


•b X 




» 


s r 




fc © ir 


, ^ © 






^ K <4 * ft 


-e 


ft 


© a 


A ») 


P 


© 






T * Br 


* ft T 






^ * ft (4 3 




o 


* ✓< 








^ M 


ft 


0 I 4 


I 1 4 


6 




n e tl $ ft 


T 


t> 








*»ft 


1" 


4 ft & 


_t © ft 




© 






tt 


o T 








© ifi 


R ft it 




ft 


a 








& O 


. ft 




14 


© m 


A 


a * a 








« 














n s 




at » © 


K" ft *J 




c; 


a 4 )V © ft! 


» 


© 


ft © 


ft © 


# 




, a 


ft 


ft nc 3£ » , ft 


ft 




© ft ft ft , 


ft 


ft 




- <fc 


r 




*> 


(r 




© ft ft 




© 


£ 5 tt <, C 




T 


14 ft 


49 IZ 


ft 








s ft«*mr 






ll t t» 4 f ft 






ft ft 






Fig. 1 




Fig.2a 



ffg.2b 



12" 



qi a 

10 \ i/ V fit 



Fig. 3a 



Fig.3b 



HS¥4-504067 (7) 

ft R I « fi 



Xat.Cl.* q Qi R 33/31, Q 01 H 33/40 




■ T« si *tuv*rr« 



*t A, 0314292 (tBK REGSfTS OT THE 

tmivzitsmr or cAXxronn-A) 

J May 1989 

eee coition X, lima 1-9, 4 4-53 | 

oelaaa 2, llae. 39-55, colum 5. lines 

34-33; figure* *-f 



87, A, 0111329 (BROTCEA JUtTALrril 
K»«fiTTCHNH GnhS) 
20 Juno 1994 

Me page 4, Uu 7 - piga 6, 

figure 

* AS. A, 2249944 

(clttd In the eppllcatlon] 



1.4.7,11 



page 6, line 3; 



Review of Scientific Inatruaaente, Vol. 52, 
»o. 10, October 1981, American Xnatitute 
of Physic*, (How York, US), 
H. HlflWiIaN at el.i "Optimisation o 



22 May 1990 (23.05.90) 



31 Juw 1990 (21.0C.90I 



FCT/OB 90/00171 



i b n t h § 



hootoganaous • loctroro-gnetle eoll 
•y*ten*i application to whole-body 
KMR imaging «*gn*t-', 
pagee 1501-1505, 



•as paragraph* I-III 



Review of Scientific Xnatrunenti, Vol. 5« 
Ko. 3, March 1985/ American Institute 
of Phyeica. (Mew York, OS), 
a.r. sath at al.t 'Oppoaed coll nagne : 
calculation* for large sample end unilf 
terel nuel«*r*»egnetie< 
pages 402-410, 
■«• the w&ole article 



A, 215824B ( 
CORP.) 8 r 
•«o page X 
5A, SB, 10 



noxvmztf electric 
1993 
14-42i figures 



A, 0160350 (OXFORD JUCBET 
LIMITED) , 8 Boveaber 1989, 
■ee page 19, line* 3-33 » 
figure* 6,? 

a OB, a, 470173S (cited In the 
application) 



DE 9000171 
1A 3498S 



EP-A- 0111219 


20-08-64 


Df-A- 


2241944 


14-08*84 






Atf-6- 


888819 


05-02-87 






Atf-A- 


2211882 


14-08-64 






CA-A- 


1192983 


03-09*85 






J»-A- 


19118026 


03-07*84 
08-05-68 






U9-A- 


4587490 


W-A- 2158148 


08-11-88 


J>-A- 


80229311 


14-11*85 






Of-A.C 


3514818 


07-U-65 






U1~A- 


4S84548 


12-04*68 


E9-A- 01 50350 


08-U-2S 


jr-a- 


50244008 


03-11-85 






US-A- 


4701728 


20-10-67 



— 7 — 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□''COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



